organism or related organisms with similar characteristics, any history of laboratory-acquired infection, infective dose and disease severity. Production of toxins or allergens. 2. The volume of culture to be handled and the concentration of the organism likely to be present. 3. The origin of the sample, e.g. samples from wildlife species may contain human pathogens not normally encountered. 4 . The history of the isolate being handled. Pathogens on primary isolation or of low passage level are often more dangerous than pathogens of high passage level. 5. The possibility of aerosol formation should be especially taken into consideration when handling fluid samples, e.g. homogenization and centrifugation. 6 . The threat that the organism may pose to foodproducing or companion animals or to wildlife, irrespective of the threat to laboratory personnel. Additional precautions for handling and storage are required for animal disease agents from foreign countries. Types of sampling during the experiment.
Grouping of Microorganisms
The considerations outlined above have been used by several National Authorities to designate microorganisms into four hazard groups representing increasing hazards to human health. Such categorization of pathogens makes no allowance for people who are particularly susceptible, for example due to pre-existing disease, a compromised immune system or pregnancy. The four groups may be summarized thus: Group 1 -Organisms that are unlikely to cause human disease. Group 2 -Organisms that may cause human disease but are unlikely to be spread in the community and for which effective prophylaxis and treatment are available. Group 3 -Organisms that can cause severe human disease and may spread in the community but for which there is usually effective prophylaxis and treatment. Group 4 -Organisms that cause severe human disease, may represent a high risk of spread in the community and for which there is usually no effective prophylaxis or treatment.
Infectious organisms that might be encountered in laboratory work have been assigned to Hazard Groups 1-4 by authorities in several countries. Bovine spongiform encephalopathy (BSE) has been placed in Hazard Group 3 by the European Union. Also, some very serious Group 4 agents, including Hendra and Nipah, have been isolated from diagnostic specimens in veterinary laboratories. Group 
Requirements for work with infectious agents

A.
Known pathogens: Having decided the risk level of certain work it is then possible to decide the appropriate 'containment level' that is needed to minimise the risk of human disease. The containment level is defined by a combination of the physical facilities and working practices employed. Organisms of the four risk groups indicated above may be placed into containment levels appropriate for safe working. Laboratories usually appoint a safety officer, responsible for ensuring that microorganisms are handled at the appropriate containment level. They should have sufficient expertise and be of sufficient seniority to oversee and advise on all safety matters. In large organisations with a network of laboratories, it is appropriate to appoint a central safety officer to advise on and coordinate safety matters of a corporate nature which are implemented by local laboratory safety officers at each site. The working methods for a particular procedure or work station should be written out and readily available. Staff must be fully trained and fully aware of any health risks associated with their work and in procedures for reporting incidents or accidents. Staff should also be given a medical card indicating pathogens to which they might be exposed. In some cases, staff can be specially vaccinated to give additional protection, e.g. when working with the rabies virus; this should also be recorded on the medical card. Such information is useful for a medical practitioner in the event of illness occurring. Regular medical examinations are recommended for employees those who are working with the organisms that cause certain serious human diseases such as brucellosis and tuberculosis.
Much information is available on containment of pathogens and sophisticated apparatus and buildings may be constructed for containment of the more hazardous organisms as required by the guidelines, standards and regulations of each country. The requirements depend on the containment required from the most basic to the highest level.
The essential requirements for any work with infectious agents are as follows: 1.
The laboratory should be easy to clean with surfaces that are impervious to water and resistant to chemicals. There must be a wash-hand basin and emergency shower, including an eye bath, in each laboratory suite as appropriate for the chemicals and other hazards present. Procedures must be established for frequent cleaning and disinfection during and at the end of the work period.
2.
Personnel access to the laboratory should be restricted.
3.
Protective clothing, including gloves, masks, eye shields, and oro-nasal respirators, as appropriate, must be worn in the laboratory and removed when leaving the laboratory. 4. The laboratory door should be closed when work is in progress and ventilation should be provided by extracting air from the room. (Where biohazard cabinets are used, care must be taken to balance ventilation systems.). 5. Food or drink must not be stored or consumed in laboratories. 6 .
Smoking or application of cosmetics must not take place in the laboratory. 7.
Pipetting must not be done by mouth. 8.
Care must be taken to minimise the production of aerosols. 9.
Emergency response plans should be developed to deal with biohazard spills. Some of the items addressed in the plans should include having effective disinfectant available for cleaning spills, removal of and decontamination of contaminated protective clothing, washing of hands, and cleaning and disinfection of bench tops. 10. Used laboratory glassware and other materials must be stored safely before disinfection. Materials for disposal must be transported without spillage in strong containers. Waste material should be autoclaved, incinerated or otherwise made safe before disposal. Reusable material must be decontaminated by appropriate means. 11. No infectious material shall be discarded down laboratory sinks or any other drain. 12. Any accidents or incidents must be recorded and reported to the safety officer.
Containment level for Group 2 pathogens, in addition to the points given above, a microbiological safety cabinet should be used but can be operated in the open front mode (Class I cabinet). A Class II cabinet may also be used when there is potential for generating aerosols or when handling large quantities of culture or where there is a real need to protect the biological product. Appropriate signs are required at all entry doors to indicate the hazard present and the name and telephone number of the person(s) responsible. Emergency protocols should be posted within the laboratory to advise personnel of procedures to follow in case of a pathogen spill or the need to evacuate the laboratory in the event of a fire or other emergency.
Containment level for Group 3 pathogens, it is advisable that the laboratory be in an isolated location; access should be limited to qualified level 3 staff. Emergency protocols should be posted within the laboratory to advice personnel of procedures to follow in case of a pathogen spill or the need to evacuate the laboratory in the event of a fire. OIE containment level for group 3 pathogens surpasses biosafety level-3 (BSL-3) guidelines as outlined by the United States Department of Health and Human Services (DHHS) and the United States Department of Agriculture (USDA).
In addition to the previous requirements, the laboratory must be under negative pressure and the pressure differentials should be monitored; a procedure should be developed to provide an alarm if there is a problem. A ventilation system is required that removes air from the laboratory through a high efficiency particulate air (HEPA) filter. HEPA filters most be verified regularly; this would include HEPA filters in biosafety cabinets and on room and equipment exhausts. The laboratory should be sealable for fumigation and contain an airlock entry. There is a requirement to treat effluent depending on the pathogen. Safety cabinets of Class I, II or III must be provided. It may be necessary for staff to shower on exit from the laboratory and they must wear dedicated laboratory clothing that is left in the laboratory before leaving the building.
Containment level for Group 4 pathogens, the most stringent precautions are required including access to the building through a system of air locks and the building being maintained under negative air pressure. Inlet air to the laboratory must be filtered through a single HEPA filter and extracted air through double HEPA filters. All work with infective materials must be conducted in a Class III cabinet or in a Class II cabinet in conjunction with the use of positivepressure personnel suits. All sewage from the laboratory, laboratory effluent and autoclave drain effluent must be treated by appropriate means to ensure that all infectious material is destroyed before entering the public sewerage system. Staff must shower and change their clothing before leaving the building. Other precautions as described for Group 3 would also apply. The use of one-piece positivepressure suits is now an internationally accepted way of providing additional protection at level 4.
B.
Diagnostic specimens : Veterinary diagnostic centers readily receive specimens that are submitted because they are suspect for a variety of diseases. The infectious nature of the specimens is usually unknown, but they have the potential to contain biological agents that may cause disease in animals and humans. Practices and procedures need to be in place that will minimise the risk of occupational exposure of employees to such pathogens. Unless suspected of containing a pathogen requiring a higher containment level, it is advisable that initial processing of all unknown specimens should be carried out as though the material contained a Group 2 pathogen. The most impor tant aspects are to prevent percutaneous and mucous membrane exposure. Biological safety cabinets should be used for all manipulations that may generate aerosols. Class I or II are appropriate depending on the need for protection of the samples from contamination. Additionally, there should be no mouth pipetting, personal protective clothing should be worn with, in some cases, eye and respiratory protection, depending on the anticipated level of exposure. Although initial diagnostic procedures may be carried out at level 2, once a Group 3 organism has been isolated (or suspected) further work must be carried out at the higher containment level.
Microbiological Safety Cabinets
These are used at the different containment levels, as described in Section C.A. above. They are of three types: Class I: An open-fronted cabinet designed specifically to provide operator protection and not to give protection to the work being handled. Class II: An open-fronted safety cabinet, sometimes referred to as a laminar flow recirculating cabinet. They are designed to give operator protection as well as product protection. Class III: These cabinets are closed with glove ports at the front and provide the highest degree of containment by complete separation of work and worker. Some cabinets have a removable glove port and are known as Class III/I cabinets, i.e. they can be used in either mode.
Storage of Pathogens
Storage of live pathogens requires appropriate containment and security to avoid risks due to breakage or unauthorised use of material. Storage facilities should be appropriately labelled to indicate the nature of the pathogens (e.g. their group) and the person(s) responsible for them. A complete inventory of the pathogens in storage should be kept up to date and available. Special care must be taken when opening glass vials of freeze-dried pathogens, as these can sometimes shatter. Care must be taken when working with liquid nitrogen.
Many of the considerations given above relate not only to human safety but also to prevention of the spread of infection to animals. In a veterinary laboratory an important responsibility is to minimise any risk of escape of pathogens to animals, either wild or domestic, in the outside community. Close communication must be maintained with the veterinary authorities.
Physical and Chemical Hazards
Laboratory work involves many manipulations that are potentially dangerous such as handling glassware and work with needles or other sharp instruments. There must be special facilities for the proper disposal of needles and other sharps. Laboratory staff should be protected from the risk of receiving a burn from hot solids or liquids. Autoclaves must be fitted with safety devices to prevent accidental opening of doors when under pressure and be regularly serviced and tested. Heat-protective gloves must be provided. Extreme cold can also be a risk, e.g. when working with liquid nitrogen; splashes on exposed skin can be very damaging. Gloves should be worn that provide insulation from cold and that are also waterproof to prevent penetration of the liquid nitrogen. Face masks and boots should also be worn when working with liquid nitrogen.
Irradiation is a serious health risk that may be present due to the use of X-ray machines or use of gamma-emitters or other sources. Equipment must be regularly serviced and tested. All use of radioactive material must be meticulously recorded. All staff must be provided with a radiation monitoring device and have annual health checks.
A wide range of chemicals is in use in veterinary laboratories, many of which may be toxic or mutagenic and some may be carcinogenic. It should be remembered that it is the dose that makes the poison. Vapours are especially hazardous and some chemicals can be absorbed by penetration of intact skin. Procedures sufficient to protect pregnant laboratory workers should be followed at all times. A list of hazardous chemicals must be maintained, and a file record kept of chemicals to which individual staff members could be exposed. Chemicals must be correctly stored in appropriate containers and at the correct temperature. Those that are very flammable must be kept in a fireproof chemical store. A record must be maintained of the purchase and use of hazardous chemicals. Disposal of some chemicals is subject to official regulation.
Laboratory Animal Facilities
Work with pathogens in laboratory animals poses special hazards. Animal rooms have to be constructed to appropriate standards and containment levels, just as laboratories. Containment in animal houses is very important because of the large amount of infectious agents that they may generate. Similar considerations also apply regarding the training of staff, protective clothing and the recording of working procedures. Special care must be taken to avoid injury to staff, e.g. through animals biting and kicking. Any such incidents should be recorded and wounds appropriately treated. There must be provision for incineration or rendering of carcasses and for the thorough cleansing and disinfection of animal rooms. The animal rooms should not only provide a suitable environment for the animals themselves but should be constructed and ventilated in such a way as to ensure comfort for the attendants.
Emergency Provisions
First-aid equipment should be readily available but stored in a location that is unlikely to be contaminated by work conducted in the laboratory. All staff should be aware of the importance of safety. There must be suitable procedures and equipment for dealing with spillages and decontamination. A record must be kept of all accidents.
There should be written procedures for dealing with emergency failure of air-handling systems, e.g. in biosafety cabinets or biocontainment rooms, which can lead to loss of containment.
Many laboratories have a staff safety committee to increase safety awareness and to discuss safety issues with management. Managers should be responsible for safety in their area of command and should not allow consideration of speed or cost of work to come before the safety of their staff. There should be an emergency procedure for calling medical assistance if required and for hospitalisation when needed. Fire alarms must be fitted and tested regularly. Each unit should designate a fire officer who conducts periodic fire drills to make staff aware of what to do and where to assemble in the event of fire. The fire officer is responsible for checking that everyone has left the building. Procedures for other natural disasters such as hurricanes and earthquakes should be in place where they present a risk. All these procedures should be written down and periodically reviewed.
Transport of Infectious Material
Great care must be taken when preparing and packing diagnostic specimens for transport, to ensure that there is no breakage of containers or leakage of contents that could put at risk postal workers, couriers or staff at the receiving laboratory. Applicable local, national and international regulations for the transportation of dangerous goods and importation of animal pathogens must be followed.
Conclusion
High standards of laboratory safety that will ensure healthy working conditions for laboratory staff must be of the greatest priority. They can only be achieved by careful study of the principles involved followed by practical application to premises, facilities, operating procedures and hygiene. Training of all laboratory personnel must be a high priority and no personnel should be allowed to work until appropriate training has been completed and documented. There is a large published literature on all aspects of the subject, and further reading is recommended.
